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Already a world power in contract electronic production, Taiwan has since developed local manufacturing of 
components, first in silicon and then compounds. Contract packaging of LEDs has led to chip manufacturing 
and then epi-wafer processing. Now foundry is taking off for lasers, VCSELs and GaAs RF ICs, together with a 
government-led initiative to develop domestic wireless IC for local cell-phone manufacturing. 
0 verall, Taiwan’s electronic production in 1999 yielded US$40bn (ranking third in 
the world). Taiwan produces 70% 
of the world’s desktop PCs, over 
50% of laptops and most PC pe- 
ripherals (many opto-based), in- 
cluding 60% of DVD players and 
over 90% of scanners. Of optoelec- 
tronic component revenues 
(which grew 50% last year), 65% 
were for computer peripherals, 
10.2% for communications, and 
just 2.7% for fibre-optics. 
Unlike most Asia-Pacific coun- 
tries, which had economic growth 
rates of several percent wiped out 
by the Asian Financial Crisis over 
1998,Taiwan (which has the world’s 
second-largest foreign-currency re- 
serves) survived with a growth rate 
of 5.8% in 1999. Compared to Japan, 
companies are small (allowing quick 
decision-making and moves into 
new markets) as well as horizontally 
integrated and efficient (one compa- 
ny, for example, is dedicated purely 
to dicing wafers into chips). 
Aluminium indium gallium phosphide (AMGaP) High-Brightness LEDs from UEC. 
Consequently Taiwan has gained 
from Japan, which (hit fist by reces- 
sion then the AFC) has been re- 
trenching and outsourcing 
manufacture. In the first five months 
of this year alone exports of elec- 
tronic and opto products to Japan 
both grew by more than 50%. 
In fact, from 1995 to 1996 the 
world LED market fell 8.7% (to 
US$2.445bn), mainly due to Japan. 
But although visible LEDs were 
down 13%, infrared LEDs fell just 2%, 
mainly due to demand for 830-900 
nm IrDA modules for wireless data- 
corns (pioneered for notebook PCs 
by Taiwan’s Everlight), while 
Taiwan’s LED output grew by 17% 
(to US$549m). 
However, from 1997 to 1998 
growth in Taiwan’s LED revenues 
slowed to lo%, compared to 16% for 
scanners and 72% for CD-ROMs (to 
40% market share, from just 12% in 
1996). This is attributed to: 
(i) low-end market competition 
from mainland China and 
(ii) high-end growth limited by epi- 
wafer supply and R&D. 
At that time Taiwan’s assembly of 
peripherals was heavily dependent 
on imports of key components, leav- 
ing little room for more competitive 
pricing. In 1996 Taiwan’s govern- 
ment had therefore already commit- 
ted itself to local development of 
higher-value components and the 
vertical integration of its opto indus- 
try, policies that are now bearing 
fruit. 
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Country profile: Taiwan 
Year 1975 1980 1985 1990 1995 2000 
Packaged devices 1 4 7 14 18 22 
Modules/displays - - - 2 6 
Chips 2 2 4 5 6 9 
Epiwafers I 20 
Table 1. The number of companies in Taiwan making LED packaged devices, modules/ 
displays, chips, and epiwafers. 
Region Visible Infrared Total 
Japan 1300- 1400m 350-400m 1650-l800m 
Taiwan IlOO-1200m <150m 1250-1350m 
Europe and US 380m >200m 550m 
Korea and ROW 150m <lOOm 250m 
Total 2930-3130m 800~850m 3700-3950m 
Table 2. Worldwide LED production (visible and infrared) by geographic region, in millions of 
units per month. 
Taiwan’s LED industry 
In the past Taiwan mostly pack- 
aged LED chips from Japanese 
manufacturers into lamps. This 
started in 1975 with Lite-On 
Electronics, now the largest pack- 
aged LED producer in Taiwan (and 
the sixth worldwide by value, af- 
ter Agilent/Lumileds, Stanley 
Electric of Japan, Osram Opto 
Semiconductors, Matsushita 
Electric, and Nichia), followed by 
Everlight Electronic, Kingbright 
Electronic and a further 20 or so 
more (see Table 1). 
Although a few companies such 
as Fine Products had been making 
LED chips themselves since the 
mid-70s, starting in the mid80s sev- 
eral more Taiwanese companies 
(many with technology and staff 
from ITRI) started fabricating chips 
for standard-brightness LPE-grown 
GaP or GaAsP LEDs using substrates 
and epi wafers from Japan. 
Now, Opto Tech (which started 
making LEDs in 1984) is vying with 
Toshiba as the world’s largest manu- 
facturer of LED chips (at lbn 
chips/month, though only for cap- 
tive use), followed by LiteOn (also 
captive), then Tyntek (at 
500m/month) and Highlight 
Optoelectronic (doing its own LPE 
after technology was transferred 
from ITRI) 
By 1999 Taiwan had more than a 
third share by volume of world LED 
production of about 4bn units per 
month (leaving the USA and Europe 
behind on several percent each and 
fast approaching the 45% share of 
Japan - see Table 2). However, since 
these are mostly low-value standard- 
brightness GaP or GaAsP LEDs (see 
Table 3), Strategies Unlimited reck- 
ons that by revenue in 1998 Taiwan 
had less then 20% of the US$2.5bn 
market. 
Taiwan has therefore been invest- 
ing in MOCVD epi-wafer and chip 
production for higher-value products 
such as High-Brightness LEDs (e.g. 
AlInGaP - a market growing at a com- 
pound annual growth rate of over 
50% - and AlInGaN), which are replac- 
ing AlGaAs LEDs and even low-value 
GaAsP/GaP LEDs for automotive ap- 
plications, cell-phones/pager and in- 
Material Visible 
door/outdoor displays (traffic signs 
and full-colour video displays). 
The next stage involves develop- 
ment of visible and infrared lasers and 
VCSELs (e.g. by L&e-On, Everlight and 
Haw Shuenn) for communications 
applications. 
LPE to mass MOCVD 
Since the mid-90s ITRI-OES has 
been instrumental in Taiwanese 
start-ups beginning MOCVD of 
HB-LED chips and epiwafers 
(see panel on page 44): initially 
with its first transfer of MOCVD 
technology in 1993 to United 
Epitaxy Carp, then spinning-off 
Epistar in 1996 (with investment 
from affiliated LED lamp maker 
Everlight, among others). 
UEC (which is now the market 
leader in Crermany for automotive 
applications) and Epistar have since 
grown to be the 3rd and 4th largest 
suppliers of LED chips behind 
Toshiba (which predominates in 
Japan) and :9P (now LumiLeds, pre- 
dominant in the US), with 80-90% 
share between the four. ITRI-OES 
and ITIS (Industry Technology 
Information Services) claim that 
1999 production of packaged LED 
devices totalled NT$18.2bn 
(US$570m) and chips/epi wafers 
NT$9.lbn (US$280m). 
With about 20 companies start- 
ing epi-wafer manufacture over the 
last two years, the total number of re- 
actors installed in Taiwan to date is 
said to be over 100. In fact, in 1999 
both AIXTRON’s and EMCORE’s 
largest customers for MOCVD reac- 
tor were Taiwanese. 
Infrared 
GaP 
GaAsP 
AlGaAs 
AlInGaP 
InGaN 
GaAs 
Total 
1800m (red/yellow/green) 
5 50m (red/orange/yellow) 
450m (red) 
180m (red/orange/yellow/green) 
50m (red/green/blue/whh.e) 
3ooom 
40m 
1OOm 
700m 
Tab/e 3. The worldwide LED market in millions of units per montfl 
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Since 1995 AIXTRON’s installed 
capacity has grown at almost 90% a 
year to over 80 systems (comprising 
60-70% of its Asian revenues). In the 
first 4.5 months of this year AIX- 
TRON received MOCVD orders 
worth US$45m for over 30 
AIX 2400/260063 production tools 
(40% for AlInGaP HBLEDs, 25% for 
III-nitride blue LEDs and 33% for 
HBTs) from UEC (lo), Epistar (5) 
Arima and Procomp. 
EMCORE has sold over 50 reac- 
tors to Taiwan: 5 in 1995; 2 in ‘96; 2 
in ‘97; 20 in ‘98; 22 in ‘99 (all 
Enterprise production tools since 
‘97) and more this year (including 10 
TurboDisc Enterprise systems in May 
to UEC for AlInGaP HELEDs and 6” 
InGaP HBTs). 
Thomas Swan has delivered sev- 
en MOCVD reactors in Taiwan over 
the last two years - one R&D and six 
production: two for 6 x 2” InP 
wafers; four for 2 x 5” or 6” GaN; and 
the first of its new high-volume CCS 
19 x 2” reactors for InP and GaAs. 
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Epistar president B J Lee reckons 
that in Taiwan there are now over 
20 nitride MOCVD reactors for ni- 
tride blue/green HB-LEDs or lasers 
being used by at least eight compa- 
nies. These include ITRI-OES, UEC, 
Epistar, Arima, Sirus Technology, 
National Central University, CSIST, 
and FOR EPI (using AIXTRON reac- 
tors), as well as VPEC, Opto Tech 
and Lite-On (captive, on both sap- 
phire and Sic). Also, Japan’s Nippon 
Sanso has delegated marketing of its 
GaN MOCVD reactor to its 
Taiwanese subsidiary However, 
whereas Taiwan’s AlInGaP LED ca- 
pacity could exceed demand by 
140%, according to EMCORE’s 
Robert Walker, with GaN there 
is “no such danger of a bubble 
bursting”. 
Also, according to EMCORE, 
apart from moving aggressively into 
the high-volume production of HB- 
LEDs,Taiwan is looking at the next 
step to become a major player in 
the manufacture of wireless hand- 
sets, with a significant investment 
being made correspondingly in 
pHEMT and HBT manufacturing 
(boosting use of multi-wafer MBE 
reactors, with orders in the last year 
including two Riber MBE 6000s for 
Procomp and two DCA Instruments 
reactors). 
Epi for RFlCs 
Two GaAs manufacturers founded 
in Taiwan in the mid-90s are 
Hexawave and Procomp. 
However, new GaAs foundries 
starting up next year include 
AWSC and (using 6” wafers from 
the start) WIN Semiconductors 
and GCS’ Global Communication 
Technology (since it is “not neces- 
sary” to start up using 4” wafers, 
according to WIN). 
AWSC gives access to “guaran- 
teed additional capacity to address 
accelerating demand for GaAs HBT 
devices”, according to Conexant’s 
senior vp of operations Terry Ellis. 
Country profile: Taiwan 
GCS’ current 4” fab in the US pro- 
vides second-source HBT wafer 
foundry to Anadigics’ internal 6” 
GaAs HBTs as “time to market is a 
critical issue in today’s fast-grow- 
ing communications industry,” ac- 
cording to GCS’ President and CEO 
Dr Owen Wu.Though there are not 
many “pure-play” GaAs foundries, 
Wu reckons that there are at least 
six other competing companies 
expected to go into Taiwan. 
Meanwhile, WIN’s vp of 
Production Planning & Expansion 
Donald P Mathes is worried that 
“6” demand will jerk the [supply] 
chain”. 
In addition, at least 10 MOCVD- 
based epi manufacturers are expand- 
ing from opto into GaAs RF devices 
(mainly HBTs). These include UEC, 
Epistar, VPEC, Arima, Kingmax 
Optoelectronics, Advanced Epitaxy 
Technology, and Huga 
Optotechnology. Altogether, 15 GaAs 
foundry fabs are said to be under 
construction. 
For example, UEC recently began 
GaAs foundry supply of MOCVD- 
grown InGaP-emitter HBTs and 
pHEMT epi wafers after installing a 
6” GaAs epi reactors in December 
1999. As well as driving the transi- 
tion from 4” to 6” GaAs wafers, the 
demand for microwave communica- 
tions and the replacement of old 
HEMT designs with more thermally 
stable HBTs for mobile phones 
means that “the GaAs industry in 
Taiwan is just starting up”, according 
to UEC’s Jack SYeh. 
RFIC manufacturing is being 
given added impetus due to the de- 
veloping domestic wireless elec- 
tronics industry. Taiwan has lagged 
behind Europe, the US, Japan and 
South Korea in wireless communi- 
cations, with just lm mobile phone 
users in 1997. But, following dereg- 
ulation, this rose to 12.3 lm this 
January (over 50% of the popula- 
tion, exceeding fured-line sub- 
scribers for the first time). Taiwan 
is therefore investing in R&D and 
production of mobile handsets (in- 
ducing RF Micro Devices, for exam- 
ple, in April to establish a local 
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sales and application engineering port of key components is seen as 
support team - its first expansion a hindrance. 
into Asia-Pacific). However, like the In April, the Ministry of 
opto industry, dependence on im- Economic Affairs therefore attracted 
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Region 1999 2000 
Japan 70m 170m 
Europe 50m 75m 
Taiwan 35m 75m 
NAmerica 40m 55m 
Korea 5m 10m 
ROW 15m 15m 
Total 205m 400m 
Table 4. World demand for AllnGaP HB- 
LED chips, in millions of units per month. 
over 80 domestic firms to form the 
“Alliance for High-Frequency 
Communication Component 
Industry” (sponsored by the MOEA’s 
Industrial Development Bureau) to 
“reinforce the advancement and 
global competitiveness of Taiwan’s 
wireless communications industry”. 
ITRI’s Material Research 
Laboratories is to promote the 
Alliance’s activities and establish a 
joint laboratory for high-frequency 
component processing and testing 
and, in 2001, R&D of devices (both 
GaAs and silicon-based technology, 
including Bluetooth). 
In fact, chip manufacturers 
developing silicon-germanium in- 
clude Procomp (HBTs) and TSMC 
(0.35 urn SiGe BiCMOS, involving 
“The GaAs industry in Taiwan 
is just s tatting up. ” 
, Jack Yeh, UEC 
the use of epi deposition 
by the world’s largest silicon 
foundry). 
So, while Taiwan has cultivated 
for some years indigenous and sepa- 
rate opto and GaAs component 
industries, it will be interesting 
to follow not just the merging of 
both opto and GaAs epi by individ- 
ual manufacturers but also the 
prospect of epi being adopted by 
Taiwan’s booming silicon industry 
in the form of SiGe. 
